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Wuhqglqj Wlph Vhulhv dqg Pdfurhfrqrplf Dfwlylw|=
Vrph Suhvhqw dqg Ixwxuh Fkdoohqjhv
Shwhu F1 E1 Skloolsv




Vrph fkdoohqjhv iru hfrqrphwulf uhvhdufk rq wuhqglqj wlph vhulhv duh glvfxvvhg lq
uhodwlrq wr vrph shufhlyhg qhhgv ri pdfurhfrqrplfv dqg pdfurhfrqrplf srolf| pdnlqj1
MHO Fodvvlfdwlrq= F65/ F86/ H43
Nh| zrugv dqg skudvhv= Euhdnv/ jurzwk/ srolf| lqwhuyhqwlrq/ surgxfwlylw|/ wuhqg phfkd0
qlvpv/ xqlw urrwv1
Vlqfh wkh hduo| 4<;3*v/ d jrrg ghdo ri wlph vhulhv hfrqrphwulfv kdv ghdow zlwk qrqvwd0
wlrqdulw|1 Wkh suhrffxsdwlrq kdv vwhdglo| ehfrph d fhqwudo frqfhuq dqg lw vhhpv ghvwlqhg
wr frqwlqxh/ li rqo| iru wkh jrrg hpslulfdo uhdvrq wkdw prvw pdfurhfrqrplf djjuhjdwhv dqg
qdqfldo wlph vhulhv duh grplqdwhg e| wuhqg0olnh dqg udqgrp zdqghulqj ehkdylru1 Ehkdylru/
lw vkrxog eh vdlg/ wkdw lv yhu| lpshuihfwo| xqghuvwrrg +vhh ehorz,1 Dv Kdoo*v +4<:;, vwxg|
vr oxflgo| ghprqvwudwhg/ pdfurhfrqrplvwv dovr kdyh jrrg wkhruhwlfdo uhdvrqv wr orrn iru
pduwlqjdoh0olnh fkdudfwhulvwlfv lq wkh gdwd1 Vr/ wkh vwxg| ri wuhqgv eulqjv wrjhwkhu hpslulfdo0
txdqwlwdwlyh dqg wkhru|0txdqwlwdwlyh dvshfwv ri prgholqj dqg kdv/ lq wxuq/ ehhq hpsrzhuhg
e| wkdw v|qhuj|1 Wkh olwhudwxuh lv douhdg| ydvw dqg frqwlqxhv wr jurz vzliwo|/ lqyroylqj d ixoo
vsuhdg ri sduwlflsdqwv dqg hqjdjlqj d zlgh vzhhs ri dfdghplf mrxuqdov1 Zlwk wkh lpphqvh
yroxph ri uhvhdufk wkdw kdv douhdg| ehhq grqh/ zkdw frxog srvvleo| suhvhqw pdmru fkdoohqjhv
iru wkh ixwxuhB Lw lv vdoxwdu| wr uhfdoo wkdw/ lq wkh ehjlqqlqj/ vrph revhuyhuv dujxhg +plv0
wdnhqo|/ lw wxuqhg rxw, wkdw wkh hog zdv d ghdg hqg +zk| erwkhu zlwk xqlw urrwvB,1 Qrz/
wr rwkhuv/ wkh vxemhfw vhhpv vr khdylo| plqhg +zkr zdqwv pruh xqlw urrw whvwvB, wkdw wkh|
h{shfw wkh yhlq ri lqwhuhvw wr vxuho| uxq rxw vrrq1
Wklv hvvd| sxwv iruzdug wkh dowhuqdwh ylhz wkdw zh kdyh rqo| ehjxq wr plqh wklv hqru0
prxv vxemhfw dqg wkdw wkh yhlqv ri prvw lqwhuhvwlqj ghyhorsphqw duh |hw dkhdg ri xv1 Wkh
WWkdqnv jr wr Vwhyhq Gxuodxi iru khosixo frpphqwv/ wr Doh{ Pd|qdug iru orfdwlqj wkh frqjuhvvlrqdo whvwl0
prq| flwhg/ dqg wr wkh QVI iru uhvhdufk vxssruw xqghu Judqw Qr1 VEU <:0635<81 Wkh sdshu zdv w|shg e|
wkh dxwkru lq VZ5181
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eulhi iurp wkh Hglwru ri d ihz sdjhv phdqv wkdw wkhuh lv qr vsdfh wr h{soruh dq|wklqj lq
ghwdlo/ vr wkh glvfxvvlrq khuh zloo vlpso| srlqw wkh zd| dqg vwd| dw d kljk ohyho ri jhqhudolw|1
Jlyhq wkdw wkh xowlpdwh jrdo ri hfrqrplfv lv wr xqghuvwdqg hfrqrplf dfwlylw|/ vxevwdqwlyh
hfrqrplf sureohpv +lqfoxglqj txhvwlrqv ri srolf|, lqhylwdeo| wdnh sulrulw| ryhu wkhru| dqg
whfkqltxh1 \hw/ vxevwdqwlyh sureohpv uhjxoduo| vxjjhvw surplvlqj olqhv ri whfkqlfdo uhvhdufk1
Xvhixo phwkrgv +olnh ixqfwlrqdo odzv dqg vwrfkdvwlf lqwhjudwlrq, duh riwhq pruh hdvlo| uhfrj0
qlvhg dv vxfk zkhq uhohydqfh lv ghprqvwudwhg 0 shukdsv lq whupv ri fxuuhqw hyhqwv dqg srolf|
frqfhuqv +vhh ehorz iru dq h{dpsoh, dqg shukdsv gluhfwo| lq whupv ri wkh qhhgv ri wkh vxemhfw
+olnh xqghuvwdqglqj uhjuhvvlrqv zlwk lqwhjudwhg uhjuhvvruv 0 Skloolsv/ 4<;9 0 ru h{fkdqjh udwh
wdujhw }rqhv 0 Nuxjpdq/ 4<<4,1 Dffruglqjo|/ zh vkdoo wdnh rxu fxh iurp fxuuhqw hfrqrplf
hyhqwv dqg vlqjoh rxw dq lvvxh 0 surgxfwlylw| jurzwk 0 wkdw kdv pdmru lpsolfdwlrqv iru pdfurh0
frqrplf wuhqgv1 Dv Sdxo Nuxjpdq +4<<8, uhpdunhg= Surgxfwlylw| jurzwk lv wkh vlqjoh prvw
lpsruwdqw idfwru dhfwlqj rxu hfrqrplf zhoo ehlqj1111 Wkh wrslf lv ixoo ri zruwk| fkdoohqjhv
iru hfrqrphwulfldqv/ lqfoxglqj whfkqlfdo uhvhdufkhuv1 Lw kdv dovr ehhq d vxemhfw ri frqwlqxlqj
slwidoov iru pdfurhfrqrplf frpphqwdwruv dqg iruhfdvwhuv1
Iroorzlqj d vhulhv ri vwdwhphqwv ehjlqqlqj lq plg 4<<< e| wkh Fkdlupdq ri wkh Ihghudo
Uhvhuyh/ Dodq Juhhqvsdq/ lw lv qrz frpprqsodfh wr dwwulexwh wkh uhfhqw orz lq dwlrqdu|/
vwurqj jurzwk ri wkh XV hfrqrp| wr d ulvh lq surgxfwlylw|1 \hw rqo| d ihz |hduv hduolhu/
hfrqrplvwv zhuh frqfhuqhg derxw d voxps lq XV surgxfwlylw|1 Djdlq/ qr ohvvhu revhuyhu wkdq
Sdxo Nuxjpdq +4<<8, frpphqwhg wkdw
111wkh vorzgrzq ri Dphulfdq surgxfwlylw| jurzwk vlqfh wkh 4<:3*v lv wkh prvw
lpsruwdqw vlqjoh idfw derxw rxu hfrqrp|1
Kdyh hfrqrplf ixqgdphqwdov fkdqjhg lq d pdmru zd| wr eulqj derxw wkh gudpdwlf uhfhqw
xsoliw ri surgxfwlylw|/ dqg/ li vr/ duh rxu txdqwlwdwlyh prqlwruv vr ghflhqw wkdw wkh| sur0
ylghg qr dgydqfh zduqlqj ri wkh wxuqdurxqgB Wkh dssduhqw wuhqg fkdqjh +ru lv lw rqo| d
whpsrudu| eolsB 0 vhh Vrorz/ 5333, dqg qhhg iru ehwwhu txdqwlwdwlyh prqlwrulqj suhvhqw vhul0
rxv hfrqrphwulf fkdoohqjhv1 Exw/ wkh lvvxhv jr zlghu dqg ghhshu1 Juhhqvsdq +5333, sxwv wkh
lpsolfdwlrqv lq d zd| wkdw ehvshdnv d vwduwolqj ljqrudqfh=
L nqrz ri qrwklqj wkdw hyhq uhprwho| orrnv olnh zkdw zh duh h{shulhqflqj
wrgd|1 Wkh uhodwlrqvklsv duh glhuhqw1111 Wkh hqghdyrxu wr dsso| wkh xvxdo srolflhv
wkdw zh*yh hpsor|hg ryhu wkh |hduv wr zkdw lv jrlqj rq wrgd| lv plvxqghuvwdqglqj
wkh qdwxuh ri wkh irufhv wkdw duh dw sod| khuh1
Hduolhu rq/ Nuxjpdq kdg kljkoljkwhg jhqhudo surihvvlrqdo ljqrudqfh derxw surgxfwlylw|/ vd|0
lqj
111 li zh dvn krz hfrqrplvwv dqvzhu wzr fhqwudo txhvwlrqv derxw Dphulfd*v
surgxfwlylw| voxps= Zk| glg lw kdsshqB Dqg zkdw fdq zh gr derxw lwB Wkh
dqvzhu wr erwk lv wkh vdph= Zh grq*w nqrz1
6
Juhhqvsdq*v xqvsrnhq dooxvlrqv lq cirufhv dw sod|* duh wr surgxfwlylw| dqg whfkqrorj| fkdqjhv/
wkh lqwhuqhw hfrqrp|/ qdqfldo exeeohv lq grw1frp frpsdqlhv/ zhdowk hhfwv iurp vwrfn pdu0
nhw h{xehudqfh/ dqg wkh vkulqnlqj QDLUX/ wr qdph d ihz1 Li wkhvh irufhv kdyh vr ixqgdphq0
wdoo| fkdqjhg wkh hfrqrp|/ dqg wkh srolflhv wkdw duh qhhghg wr jxlgh lw/ rqh pljkw dqwlflsdwh
wkdw pdmru fkdqjhv duh qhhghg lq rxu prghov/ ru prghohuv fdq h{shfw wr eh fdxjkw zlwk
wkhlu csdudphwhuv grzq* djdlq/ dv wkh| zhuh iroorzlqj wkh rlo sulfh vkrfnv ri wkh 4<:3*v1 Wkh
fkdqjhv lq wkh qdwxuh ri hfrqrplf dfwlylw| qrz ehlqj irujhg e| wkh udslgo| hphujlqj lqwhuqhw
hfrqrp| fhuwdlqo| vhhp xqsuhfhghqwhg1 Hyhq wkh pdmru hfrqrplf wudqvirupdwlrqv eurxjkw
derxw lq wkh qlqhwhhqwk fhqwxu| e| udlourdg wudqvsruwdwlrq dqg lq wkh wzhqwlhwk fhqwxu| e|
dxwrprelohv dqg kljkzd| frqvwuxfwlrq vhhp wr eh ri d vpdoohu pdjqlwxgh wkdq wkh fkdqjhv
lq hfrqrplf dfwlylw| wkdw zloo hyhqwxdwh iurp 572: rqolqh frqvxphu vshqglqj dqg qdqfldo
wudglqj1
Krz gr zh prgho wuhqgv zkhq vxfk ixqgdphqwdo fkdqjhv duh wdnlqj sodfhB Uholdqfh rq
d frqvwdqw sro|qrpldo wuhqg vhhpv qdlyh dqg plvsodfhg +|hw frpsduh wkh hpslulfdo hylghqfh
pdq| uhvhdufkhuv qg idyrulqj d wuhqg vwdwlrqdu| uhsuhvhqwdwlrq ri uhdo JGS,1 Xvh ri d
vwrfkdvwlf wuhqg zlwk d frqvwdqw guliw vhhpv ehwwhu ehfdxvh dq xszdug guliw lq surgxfwlylw|
fdq eh fdswxuhg e| d vhulhv ri srvlwlyh lqqrydwlrqv/ exw dovr vhhpv xqvdwlvidfwru| ehfdxvh
wkh vrxufhv ri fkdqjh uhpdlq p|vwhulrxv dqg wkhlu lpsolfdwlrqv iru srolf| revfxuh/ frquplqj
Nuxjpdq*v dvvhuwlrq derxw surihvvlrqdo ljqrudqfh1 Wkh uhdolw| ri 572: lqwhuqhw hfrqrplf
dfwlylw| vhhpv wr suhvhqw d pruh ixqgdphqwdo dqg shuydvlyh fkdqjh lq wkh zd| rxu hfrqrp|
ixqfwlrqv wkdq zkdw pljkw eh hperglhg lq d ihz vkrfnv/ hyhq doorzlqj iru wkhp wr kdyh
shuvlvwhqw hhfwv1 Ilqdoo| +krz hdvlo| wkh olplwv ri suhvhqw whfkqrorj| duh h{kdxvwhg$,/ zh
pljkw vhhn wr prgho wkh fkdqjh e| d wuhqg euhdn1 Exw/ li dq revhuyhu dv dvwxwh dv Nuxjpdq
idlohg wr vhh wkh fkdqjh frplqj/ dqg li h{shuwv dv h{shulhqfhg dqg zhoo lqiruphg dv kh dqg
Juhhqvsdq fdqqrw xqghuvwdqg lw/ wkhq vxuho| wkh fkdqfhv ri prgholqj lw dghtxdwho| xvlqj d
euhdn lq d olqhdu wuhqg duh qdlyho| rswlplvwlf1 Xqlw urrwv dqg wuhqg euhdnv gr qrw h{sodlq
wkh skhqrphqrq/ wkh| vlpso| dffrxqw iru lw wkurxjk wkh hhfw ri d shuvlvwhqw vkrfn/ ru
e| uhvhwwlqj lqlwldo frqglwlrqv iru wkh wuhqg1 Vlpso| sxw/ wkh lqdghtxdf| ri rxu prgholqj
dssdudwxv lq wkh idfh ri dq lvvxh ri vxfk juhdw lpsruwdqfh lv vwdjjhulqj1
Vr/ zkdw pljkw eh grqh derxw lwB Khuh duh d ihz vlpsoh wkrxjkwv wr jhw xv r wkh jurxqg=
41 Vwduw e| dfnqrzohgjlqj wkh lpsryhulvkhg fodvv ri wuhqg phfkdqlvpv zh kdyh iru rxu
wlph vhulhv prghov dqg lqyhqw dowhuqdwlyhv1 Srvvlelolwlhv lqfoxgh xvlqj dgglwlrqdo gdwd
+zklfk pljkw fduu| wkhlu rzq vhsdudwh vrxufhv ri wuhqglqj hhfwv dqg khos wr surylgh
h{sodqdwlrqv ri fkdqjh, wkdw pl{ wlph vhulhv pdfur gdwd zlwk uhohydqw furvv vhfwlrq
lqirupdwlrq/ olnh sdqho2svhxgr0sdqho revhuydwlrqv rq whfkqrorj| lwhpv +h1j1/ frpsxwhu
kdugzduh dqg vriwzduh vdohv dqg phdvxuhphqwv ri lqwhuqhw wud!f, dqg fkdqjlqj gh0
prjudsklfv1 Vxuho|/ wkh zd|v lq zklfk {hg fdslwdo frpsxwlqj whfkqrorj| udlvh sur0
gxfwlylw| lqyroyh vrph frpsoh{ lqwhudfwlrqv dqg v|qhujlhv zlwk kxpdq fdslwdo/ zklfk
duh devhqw iurp prvw +qrw doo 0 h1j1 Jdoru dqg ]hlud/ 4<<6, hfrqrplf wkhru| prg0
7
hov1 Lqwhudfwlrqv ehwzhhq lqglylgxdo djhqwv/ hfrqrplf lqvwlwxwlrqv dqg ydulrxv hphujlqj
whfkqrorjlhv/ zklfk hfrqrplvwv duh qrz vhhnlqj wr lqfrusrudwh lq prghov +vhh Eurfn
dqg Gxuodxi/ 5333,/ dovr sod| d pdmru uroh lq wkh surgxfwlylw| jdlqv1 Juhhqvsdq +5333,
uhfrjqlvhv wkhvh surfhvvhv/ vd|lqj lq wkh vdph Txhvwlrq dqg Dqvzhu vhvvlrq wr Frqjuhvv
flwhg deryh wkdw
111wkh ixqgdphqwdo urrw ri wklv h{wudruglqdu| vxffhvvixo hfrqrp| wkdw zh kdyh
lv/ rqh/ wkh v|qhujlhv ri d qxpehu ri qhz whfkqrorjlhv wkdw kdyh frph wrjhwkhu/
frxsohg zlwk d qdqfldo v|vwhp dqg dq hfrqrplf v|vwhp zklfk kdv hqdeohg wkrvh
sduwlfxodu qhz whfkqrorjlhv wr eh ghyhorshg lq d pdqqhu wr yhu| pdunhgo| hqkdqfh
wkh vwdqgdugv ri olylqj ri wkh Dphulfdq shrsoh1
Wkhvh v|qhujlhv duh wrwdoo| vxephujhg lq hfrqrphwulf prghov wkdw uho| rq ghwhuplqlvwlf
wlph sro|qrpldov dqg xqlw urrwv iru wuhqglqj phfkdqlvpv1 Qhz hfrqrphwulf irupxod0
wlrqv dqg qhz phwkrgrorj| iru kdqgolqj vxfk sureohpv duh ghvshudwho| qhhghg1
51 Uhfrjqlvh wkdw wkh wuhqg irupxodwlrqv zh fxuuhqwo| xvh lq rxu prghov duh plvvshflhg/
dqg/ lq flufxpvwdqfhv olnh wkh suhvhqw/ khurlfdoo| qdlyh1 Dq dowhuqdwh frqfhsw L idyru +vhh
Skloolsv/ 4<<;d, lv wkdw wuhqg irupxodwlrqv gr qr pruh wkdq surylgh frruglqdwh v|vwhpv
iru fdswxulqj wuhqg hhfwv1 Wkhvh frruglqdwh v|vwhpv rhu ydolg dowhuqdwlyh zd|v ri
prgholqj wuhqgv/ dqg hdfk surylghv lwv rzq iudph ri uhihuhqfh iru wkh wuhqg ehkdylru1
Hyhq odjjhg yduldeohv dqg ghwhuplqlvwlf ixqfwlrqv fdq vxffhvvixoo| frh{lvw dqg h{sodlq
wkh vdph wuhqglqj ehkdylru 0 udwhv ri frqyhujhqfh wkhq dgmxvw wr dffrpprgdwh wkh
mrlqw h{sodqdwlrq ri wkh wuhqg +Skloolsv/ 4<<;e,1 Zkdw wklv phdqv lq sudfwlfh/ lv wkdw
zh pxvw ohduq wr gr lqihuhqfh derxw wuhqgv lq vhwwlqjv zkhuh wkh uhdo wuhqg lq wkh gdwd
lv idu pruh frpsoh{ wkdq wkh frruglqdwhv zh duh xvlqj wr ghvfuleh lw1
61 Xqghuvwdqg wkdw wkhuh duh lpsolfdwlrqv iru suhglfwlrq1 Hyhq li zh nqhz wkh wuxh irup
ri d wuhqg/ lw pd| eh vr frpsolfdwhg uhodwlyh wr wkh dydlodeoh gdwd wkdw lw zrxog eh
qhfhvvdu|/ ru suhihudeoh/ wr zrun zlwk d vlpsohu prgho1 Xvhdeoh prghov qhhg wr kdyh
wkhlu sdudphwhuv wwhg dqg lw lv wkh lqirupdwlrq lq wkh gdwd wkdw ghwhuplqhv krz forvh zh
fdq jhw hpslulfdoo| wr wkh jhqhudwlqj phfkdqlvp dqg wkh rswlpdo suhglfwru/ wklv glvwdqfh
ehlqj odujhu zkhq ghwhuplqlvwlf wuhqgv duh hpsor|hg dqg vpdoohu iru vwrfkdvwlf wuhqgv
+Sorehujhu dqg Skloolsv/ 4<<<,1 Sro|qrpldo wuhqgv wxuq rxw wr eh ulvnlhu lq suhglfwlrq
wkdq vwrfkdvwlf wuhqgv dqg vr wkh| qhhg wr eh pruh khdylo| shqdol}hg zkhq zh fkrrvh
ehwzhhq prghov1 Xqiruwxqdwho|/ wkh pruh uholdqw zh duh rq frqvwdqw wlph wuhqgv/ wkh
pruh olnho| zh duh wr plvv hduo| vljqdov ri fkdqjhv olnh wkrvh lq surgxfwlylw| jurzwk1 Vr/
d phwkrgrorj| iru fkrrvlqj prghov wkdw hyroyh lq irup ryhu wlph lv khosixo lq lghqwli|lqj
fkdqjhv +h1j1 Zhvw dqg Kduulvrq/ 4<;</ dqg Skloolsv/ 4<<9,1
71 Ghwhuplqlvwlf wuhqgv qhhg qrw eh sro|qrpldo1 Wkh| fdq eh vorzo| ydu|lqj dqg hyhq
hydsrudwlqj +l1h1/ wkhlu hhfwv glh rxw,/ dq dowhuqdwlyh zklfk vhhpv uhohydqw lq prgholqj
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qdqfldo exeeohv1 H{whqvlrqv dorqj wkhvh olqhv dzdlw d ghqlwlyh vwxg| dqg lqyroyh vrph
qhz dv|pswrwlf wkhru|1
81 Hfrqrplf srolf| lqwhuyhqwlrqv +olnh fhqwudo edqn fdvk udwh fkdqjhv, uhvxow iurp wkh
gldjqrvlv ri d p|uldg ri pdfurhfrqrplf/ plfurhfrqrplf dqg qdqfldo vwdwlvwlfv1 Wkh
uhvxowlqj }hur0rqh ghflvlrq lv d pdfurhfrqrplf elqdu| fkrlfh zlwk d frpsoh{ ri lqgl0
fdwruv/ pdq| ri wkhp ehlqj qrqvwdwlrqdu|1 Suredelolw| odzv iru fkdudfwhul}lqj vxfk
lqwhuyhqwlrqv ghshqg rq wkh qrqvwdwlrqdulw|/ wkh vlpsohvw ehlqj d qhz cduf vlqh odz* ri
lqwhuyhqwlrq wkdw kdv ehhq hvwdeolvkhg uhfhqwo| e| wkh dxwkru dqg Mrrq Sdun +5333,/
vkrzlqj wkdw lqwhuyhqwlrqv duh prvw olnho| wr frph lq d vwuhdp ri lqwhuyhqwlrqv +olnh
uhfhqw lqwhuhvw udwh klnhv e| wkh Ihghudo Uhvhuyh, ru shulrgv ri qr lqwhuyhqwlrq +olnh wkdw
zklfk suhfhghg wkh odwhvw skdvh ri lqfuhdvhv,1 Wkhvh suredelolw| odzv fdq eh jhqhudolvhg
wr d zlghu fodvv ri surfhvvhv dqg whvwhg hpslulfdoo|1 Lurqlfdoo|/ wkhvh odzv kdyh wkh fd0
sdflw| wr fkdudfwhul}h srolf| ghflvlrq0pdnlqj hyhq zkhq yhu| olwwoh lv nqrzq derxw cwkh
qdwxuh ri wkh irufhv dw sod|*1
91 Xvh ghvfulswlyh whfkqltxhv wr foduli| ihdwxuhv ri wkh gdwd/ zlwkrxw ehlqj zhgghg wr
sduwlfxodu prghov1 Iru qrqvwdwlrqdu| gdwd/ wklv phdqv zrunlqj zlwk vrmrxuq ghqvlwlhv
wkdw fkdudfwhul}h wkh wlph vshqw e| wkh vhulhv lq orfdo qhljkerxukrrgv dqg zklfk fdq
eh hvwlpdwhg e| qrqsdudphwulf phwkrgv +vhh Skloolsv/ 4<<;f,1 Wklv dssurdfk hqdeohv
xv wr hvwlpdwh kd}dug udwhv iru gdwd olnh h{fkdqjh udwhv/ lqwhuhvw udwhv dqg lq dwlrq/
dqg gr vxfk wklqjv dv phdvxuh klvwrulfdo ulvnv ri gh dwlrq +Skloolsv/ 4<<<,1 Ghvfulswlyh
dqdo|vlv ri wklv w|sh kdv wkh dgydqwdjh ri vkrzlqj ihdwxuhv ri wkh gdwd wkdw prghov/
hyhq prghov wkdw doorz iru uhjlph fkdqjhv/ vrphwlphv plvv +vrph h{dpsohv duh jlyhq
lq Skloolsv/ 4<<;f,1
Qrw doo uhfhqw ylhzv ri whfkqrorjlfdo surjuhvv dffhsw wkdw udslg fkdqjhv duh wdnlqj sodfh1
Lq dqrwkhu hvvd|/ Whfkqrorj|*v Zrqghuv= Qrw vr Zrqgurxv/ Sdxo Nuxjpdq +4<<9, zurwh
111wkh lghd wkdw zh duh olylqj lq dq djh ri gudpdwlf whfkqrorjlfdo surjuhvv lv
pdlqo| k|sh> wkh uhdolw| lv wkdw zh olyh lq d wlph zkhq wkh ixqgdphqwdo wklqjv duh
dfwxdoo| qrw fkdqjlqj yhu| udslgo| dw doo/
dqg jdyh wkh h{dpsoh wkdw
111exloglqj d frpsxwhu wkdw sod|v kljk0ohyho fkhvv wxuqv rxw wr eh dq hdv|
sureohp 0 qrzkhuh qhdu dv kdug dv/ vd|/ ghvljqlqj d urerw wkdw fdq ydfxxp |rxu
olylqj urrp/ dq dfklhyhphqw wkdw lv vwloo suredeo| pdq| ghfdghv dzd|1
Hfrqrplvwv/ olnh phwhrurorjlvwv/ pxvw eh irujlyhq iru pdnlqj dssdoolqj suhglfwlrqv1 Wkh
G|vrq frpsdq| +vhh kwws=22zzz1g|vrq1frp iru ghwdlov, kdv qrz ghyhorshg dqg lv pdunhwlqj
lq wkh XN d edwwhu|0srzhuhg urerwlf ydfxxp fohdqhu +Prgho GF39 0 d ghylfh wkdw lv <8(
9
qdyljdwlrq dqg 8( ydfxxp fohdqhu, wkdw zloo dxwrpdwlfdoo| ydfxxp d urrp zlwkrxw dvvlvwdqfh
ru surjudpplqj/ qdyljdwlqj lwv zd| durxqg wdeohv dqg fkdluv/ qhjrwldwlqj xqhyhq vxuidfhv
dqg dyrlglqj vwdluv/ doo zlwk wkh khos ri lwv 83 vhqvruv dqg wkuhh rqerdug frpsxwhuv1 GF39
dqg lwv ixwxuh frxvlqv lq krph dssoldqfhv fdq eh h{shfwhg wr fkdqjh cixqgdphqwdo wklqjv*
durxqg wkh krxvh/ iuhhlqj xs wlph/ hqkdqflqj wkh vxsso| ri oderu dqg udlvlqj rxwsxw dqg
frqvxpswlrq shu fdslwd1
Whfkqrorjlfdo surjuhvv lv kdug wr iruhfdvw dqg kdug wr prgho zhoo/ pdnlqj Dodq Juhhqvsdq*v
dqg Sdxo Nuxjpdq*v dgplvvlrqv ri ljqrudqfh derxw surgxfwlylw| doo wkh pruh uhohydqw1 Hfrqr0
phwulfldqv jhw sdvvhg wkh gl!fxow wdvn ri hpslulfdoo| prgholqj wuhqgv lq hfrqrplf dfwlylw|1
Uholdqfh rq wkh lpsryhulvkhg fodvv ri prghov fxuuhqwo| lq xvh fhuwdlqo| lv fdxvh iru kxplolw|1
Wkh fkdoohqjh wr xv lv wr lqqrydwh lq rxu rzq whfkqrorjlhv iru fdswxulqj wuhqgv/ iru hfrqrphwlf
iruhfdvwlqj zlwk wuhqglqj gdwd/ dqg iru irupxodwlqj xvhixo uxohv ri hfrqrplf srolf| wkdw uhfrj0
qlvh wkh gdwd gr wuhqg1 Vrph zrxog vd| wkhuh lv vwloo pxfk wr gr1 L zrxog vd| zh duh rqo|
ehjlqqlqj1
Uhihuhqfhv
^4` Gxuodxi/ V1 Q1 dqg Z1 Eurfn +5333,1 Lqwhudfwlrqv0Edvhg Prghov1 Kdqgerrn ri Hfrqr0
phwulfv Yro1 Y +iruwkfrplqj,1
^5` Jdoru/ R1 dqg M1 ]hlud +4<<6,1 Lqfrph Glvwulexwlrq dqg Pdfurhfrqrplfv1 Uhylhz ri
Hfrqrplf Vwxglhv/ 93/ 680851
^6` Juhhqvsdq/ D1 +5333,1 cTxhvwlrqv dqg Dqvzhuv Vhvvlrq ri wkh Kxpskuh|0Kdznlqv
Whvwlprq| rq Iheuxdu| 56/ 5333*1 Uhsruwhg e| Fdeoh Qhzv Qhwzrun/ Wudqvfulsw
&33355633Y961
^7` Kdoo/ U1 H1 +4<:;,1 Vwrfkdvwlf Lpsolfdwlrqv ri wkh Olih F|foh 0Shupdqhqw Lqfrph K|0
srwkhvlv= Wkhru| dqg Hylghqfh1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <9/ <:40<;:1
^8` Nuxjpdq/ S1 +4<<4,1 Wdujhw ]rqhv dqg H{fkdqjh Udwh G|qdplfv/ Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ Yro1 4391 99<09;51
^9` Nuxjpdq/ S1 +4<<8,1 Wkh Djh ri Glplqlvkhg H{shfwdwlrqv1 Fdpeulgjh= PLW Suhvv1
^:` Nuxjpdq/ S1 +4<<9,1 Whfkqrorj|*v Zrqghuv= Qrw vr Zrqgurxv XVD Wrgd|/ Ghfhpehu
451 Uhsulqwhg lq S1 Nuxjpdq +4<<;,1 Wkh Dfflghqwdo Wkhrulvw1 Qhz \run= Qruwrq1
^;` Sdun/ M1\1 dqg S1 F1 E1 Skloolsv +5333,1 Qrqvwdwlrqdu| elqdu| fkrlfh/ Hfrqrphwulfd/
iruwkfrplqj1
^<` Skloolsv/ S1 F1 E1 +4<<9,1 Hfrqrphwulf Prgho Ghwhuplqdwlrq/ Hfrqrphwulfd/ / Yro1 97/
Qr1 7/ Mxo| 4<<9/ ss1 :960;451
:
^43` Skloolsv/ S1 F1 E1 +4<<;d,1 Qhz Wrrov iru Xqghuvwdqglqj Vsxulrxv Uhjuhvvlrqv1 Hfrqr0
phwulfd/ 99/ 45<<046591
^44` Skloolsv/ S1 F1 E +4<<;e,1 Qhz Xqlw Urrw Dv|pswrwlfv lq wkh Suhvhqfh ri Ghwhuplqlvwlf
Wuhqgv1 Frzohv Irxqgdwlrq Glvfxvvlrq Sdshu/ Qr1 44<9/ \doh Xqlyhuvlw|1
^45` Skloolsv/ S1 F1 E1 +4<<;f,1 Hfrqrphwulf Dqdo|vlv ri Ilvkhu*v Htxdwlrq/ Frzohv Irxq0
gdwlrq Glvfxvvlrq Sdshu &44;3/ \doh Xqlyhuvlw|1
^46` Skloolsv/ S1 F1 E1 +4<<<,1 Ghvfulswlyh Hfrqrphwulfv iru Qrqvwdwlrqdu| Wlph Vhulhv zlwk
Hpslulfdo Looxvwudwlrqv/ Frzohv Irxqgdwlrq Glvfxvvlrq Sdshu &454</ \doh Xqlyhuvlw|1
^47` Sorehujhu/ Z1 dqg Shwhu F1 E1 Skloolsv +4<<<,1 Hpslulfdo olplwv iru wlph vhulhv hfrqr0
phwulf prghov Frzohv Irxqgdwlrq Glvfxvvlrq Sdshu/ Qr1 4553/ \doh Xqlyhuvlw|1
^48` Vrorz/ U1 +5333,1 Wrzdug d Pdfurhfrqrplfv ri wkh Phglxp Uxq1 Mrxuqdo ri Hfrqrplf
Shuvshfwlyhv/ 47/ 484048;1
^49` Zhvw/ P1 dqg S1 M1 Kduulvrq +4<;<,1 Ed|hvldq Iruhfdvwlqj dqg G|qdplf Prghov1 Qhz
\run= VsulqjhuYhuodj1
